The design and development of interface circuitries for CMOS-based SAW gas sensor is presented in this paper. The SAW sensor devices typically run at RF, requiring most design to have complex signal conditioning circuitry.
INTRODUCTION
Surface Wave Acoustic (SAW) gas sensors are small miniature sensors used to detect various gases and chemical compounds in the air. SAW gas sensors are currently being used to monitor hazardous chemical vapors, chemical warfare agents, potential fires and environmental pollutants. However, signals from the gas sensor needs to be processed before it can be converted into digital form for further processing. Hence signal processing circuitry is required in order to render the overall control system more efficiently. By incorporating the signal processing circuitry with the SAW gas sensor on the same CMOS substrate, a complete system on a chip (SoC) will be formed.
The development of miniaturized SAW gas sensors on one chip that 
D. Frequency to Voltage Converter
The FVC is used to convert an input of frequency to an output of voltage. The FVC designed by A Djemouai [2] is chosen for implementation because it consumes only a small area and it is able to provide outputs without ac ripples. These two conditions is important especially for the gas sensor signal processing circuitry where area and noise are some of the main concerns [3] . The practical current source designed here applies the bootstrap bias technique. The basic PMOS current mirror is selected as the current mirror in bootstrap configuration while the NMOS Widlar current source serves as the current source counterpart.
The LCB design from Djemouai [2] is shown in Figure 3 . The LCB circuit consists mainly of two NAND gates and a number of inverters. Inverters 11 and 12 are used to create a short delay in order to guarantee that the output signal phil will not rise up until after the input signal Vin reaches its logic high level. The produced signal Vxl, is then inverted and delayed by a period of TI, which corresponds to the delay of inverters 13 to 15. The NAND gate, nandi, will then takes the signals Vxl and Vx2 and produces the output signal phil. Inverter 16 is included to make sure that the output signal phi2 will not rise up before the output signal phil reaches its logic low level. Vx3 generated from 16 is then inverted and delayed by a period of T2, corresponding to the delay of inverters 17 to 19. The second NAND gate, nand2, will then take signals Vx3 and Vx4 to produce output signal phi2. It was noticed that using the LCB circuit shown in Figure 3 , the output signals phil and phi2 were wrong, as shown in Figure 5 . Hence, modification was made by adding two inverters to the outputs of nandl and nand2. The modified LCB was shown in Figure 6 .
With the modification, the LCB was able to produce the output as intended originally.
The current-starved inverter was used as delay cells. In current-starved inverter, limited current is used to discharge the load capacitance of the gate. When less current is supplied, the time needed to charge and discharge the load capacitance will increase. This will then provides a longer delay. Although Figure 7 shows the circuitry. The first stage of the op amp consists of a differential pair MI and M2 driving a current mirror load, M3 and M4. The second stage consists of a common source amplifier, M5. The capacitor linking between the two stages is used for compensation purposes, i.e. to reduce the ripples at the output.
RESULTS
The CMOS SAW gas sensor is designed using Mentor Graphics design tools based on TSMC 0.35um technology.
The frequency divider, frequency to voltage converter and the differential amplifier modules have been simulated successfully. The results obtained from the simulation have been compared with the analysis. The layout has been designed manually. VIN1 and VIN2 are the signals which had gone through the differential amplifier. The waveform which is labeled as VIN3 is the final output, after going through the frequency divider and differential amplifier.
The output voltage and the power dissipation obtained at the three different temperatures are each tabulated in Table 1 . From the results of Table 1 , one can observe that the output voltage is quite similar. This indicates that the circuit designed is not sensitive to temperature. The output waveform does not show significant ripples, indicating that the circuit has strong noise immunity, even at high frequencies. Table 2 shows a comparison of the signal processing circuitry designed in this project to the signal processing circuitry designed by C. Hagleitner et al. [5] . We found that our design are simpler and yet produce comparable results with reference to other works.
IV. CONCLUSION
A signal processing circuitries for CMOS SAW gas sensor is designed in this project. The final layout of the circuitry occupies an area of 0.85mm2.
The power dissipation at normal temperature (250C) is about 38.35mW. We also found that the circuit has strong noise immunity and temperature sensitivity. The overall block diagram of the SAW gas sensor is shown in Figure 10 . 
